INTRODUCTION
Information and communication tech nology (ICT) has already had an impact on teaching and learning at all levels of dental education -undergraduate, post graduate and continuous professional development (CPD) -for both dentists and dental care professionals (DCPs). It may be that, in future, the impact of ICT will be greatest in postgraduate and continuing education. This is because undergraduates/trainee DCPs represent a relatively small proportion of all den tal professionals and their teachers are hard pressed to provide education and training for these students at a time of dynamic growth in the demand for post graduate and continuing education.
For some years, the General Den tal Council (GDC) has monitored the requirement for all registered dentists to undertake and record 250 hours of CPD over each five-year cycle, with at least 75 of the hours spent undertaking verifi able CPD.
1 From 31 July 2008, the com pulsory requirement to undertake and record CPD will also apply to all DCPs. 2 A consequence of these changes is that there has been (and will continue to be) an increasing demand for CPD and also for postgraduate programmes leading to Masters degrees in a range of dental spe cialties. To meet this demand there is a need for a new approach to the develop ment and provision of suitable courses. It may be argued that expanding the current provision will suffi ce, but this ignores not just the rapid increase in demand, but also the opportunities that are now available as a result of advances in the use of ICT in distance learning.
VARIETY OF OPTIONS
Distance learning is not new to den tistry; already a number of postgradu ate and CPD courses are available in this format. The advent of ICT systems has brought greater flexibility to the delivery of all levels of dental education and to the learning process. Systems and services such as videoconferencing and CD-ROMs are revolutionising the delivery of dental education by poten tially reducing the amount of paper (and the cost of delivery), by retaining the personal touch without the neces sity of bringing people together in the same physical location and by mak ing it possible for more dentists and DCPs to take part in postgraduate and continuing education.
With a certain amount of freedom and flexibility about how CPD hours are accumulated, the options are increas ingly varied, ranging from online 'webinars' (real time seminars deliv ered via the world wide web) to fully online Masters degree programmes. Most fall into the hybrid category and use a mix of print, electronic resources and face-to-face teaching. The chal lenge now is to take things at least one stage further by using the potential of the Internet to offer fully online courses as the mainstream method of providing CPD and an increasing proportion of postgraduate education.
CPD hours can be earned through a variety of learning activities other than standard attendance courses, all of which can contribute to the accumula tion of the necessary hours. There are many examples, two of which are: 
COURSEWORK
Apart from the 'explosion' in CPD, there has also been a vast increase in the number of dental postgraduate programmes leading to the award of certificates, diplomas or degrees (usu ally at Masters level). In the past, such programmes have generally been run as full-time, attendance courses. As such they have found it difficult to attract busy general dental practitioners who find it difficult to spend much time away from their practices. Apart from those offered exclusively by dental schools, it is therefore perhaps unsurprising that a number are run by the Faculty of General Dental Practice (UK) or as collaborations between the Faculty and individual dental schools. Diploma and Masters programmes are increasingly based on blended learning and involve participants in a series of short, face-to face attendance courses (Fig. 1) , which are typically of between one and fi ve days duration and are linked to practice based clinical work, home-based written assignments and the production of a dis sertation (report). All these activities can to a greater or lesser extent be supported In fully online programmes or courses, all these resources are com bined in a structured rather than an ad hoc way to provide integrated courses. The benefi ts for dental practitioners and DCPs include: 1. The ability to acquire new skills and qualifications that were not included in undergraduate or initial training 2. The ability to acquire advanced skills and knowledge in specifi c disciplines within dentistry 3. The opportunities for DCPs to work alongside and learn with general dentists and specialists.
For postgraduates, online learning enables them to 'pursue an interest in obtaining a postgraduate qualifi ca tion' and/or 'open up new career oppor tunities in teaching or research in that speciality'. 4 The ability of e-learning to aid the achievement of such aims is consider able, but on its own, there is no guar antee that it will provide a better teaching and learning environment. As the website of one CPD provider claims: 'Qual ity e-learning is not just about exploit ing computer power, it must include educational expertise and an awareness of the strengths and limitations of this approach to lifelong learning.' 3 However, these caveats have not stopped the development of online courses, whether of the hybrid or fully online type. Both postgraduate and CPD mod ules are available and it is predicted that the number will grow as their benefi ts are better recognised and understood.
VIRTUALLY THERE
As previously described, 5 in the wider world, at the core of online education, it is increasingly likely to find a virtual learning environment (VLE) for stu dents to enter and access a wide range of teaching and learning resources (Fig. 2) . In the VLE, the course differs from user-initiated, independent access to online material because it has an instructor and a registered group of par ticipants. Within the VLE there can be a virtual classroom that brings together a teacher and students and enables them to interact with each other. Once they have accessed the classroom, stu dents can listen to lectures, participate in exercises, ask questions and receive feedback just as they would in a con ventional classroom. This is now being extended through the VLE 2.0 approach which allows even greater access to ped agogical tools and interactive resources and content. 6 In a normal classroom, there are a number of teaching aids and proce dures that can be replicated in the vir tual equivalent (Table 1 ). The ability of the Internet to link all these together into a powerful teaching and learning infrastructure is enhanced by the abil ity these virtual aids have to perform a far wider range of tasks than their tradi tional counterparts.
TRAINING THE TRAINERS
Both teachers and students have to adapt to the world of technology. The former can be too set in their ways or be 'tech nophobic', or may be unwilling to change their teaching methods. To be effective in the e-learning environment, teach ers need to understand the potential of ICT and their own ability to maximise this potential.
It has recently been suggested that 'Evidence from the literature has shown that teachers' uses of ICT are affected by the types of resources available to them, the training they have had, their expertise in using ICT, and their under standing of the relevance of ICT to their curriculum.' 7 This can mean that some teachers will only use the forms of ICT with which they are familiar. There is therefore an ongoing need for 'training the trainers'.
This entails knowing not just how a computer works, but also how it, and other ICT systems, can be applied to education; and how they can infl uence all aspects of teaching, including course design and content. In this context it has been suggested that 'Teacher training programmes not only need to prepare and support teachers in the appropri ate choices and uses of ICT environ ments, they also need to challenge teachers' fundamental beliefs about how to teach their subject and how specifi c ICT resources can enhance and funda mentally change the way in which their students learn.' 8 However, a study into the use of the StudyNet VLE at the University of Hert fordshire showed that academic staff may not be adverse to such an environ ment. 9 This study indicated that 91% of respondents from the staff used the University's VLE. As the majority of respondents were aged 44-50 years, it would also seem that age may not be a barrier.
The applications of the StudyNet, one example of a VLE, paint another picture in which its use seemed to be at a mini mal level. Within the VLE, the most frequently used facilities were module information, news and teaching mate rial (mainly lecture notes or PowerPoint presentations, and the uploading of read ing lists). The authors interpret this as These findings are borne out by a sur vey at King's College London (KCL) into the use of ICT for learning and teach ing. 10 They indicate that there was wide spread use of common IT applications in teaching, such as standard PC applica tions, email, Internet and PowerPoint. However, in common with the Univer sity of Hertfordshire study, 10 the KCL study suggested that the full potential of ICT for teaching and learning was not being realised.
Nevertheless, both studies revealed pointers to the way forward. One of the recommendations that arose was to move from an information tool to an integrated part of teaching and learning by distill ing and disseminating examples of good practice. The KCL study went further by highlighting the additional develop ment needs of the vast majority of staff, primarily in online pedagogy, materi als development and to a lesser extent, general computing and programming skills. It also highlighted the fact that staff had not received any training to enable them to integrate online technol ogies into teaching. As the report stated, 'This was regarded as a signifi cant bar rier to the further development of ICT in teaching and learning at the College' as long as 'current use of online delivery in higher education remains interactive and experimental.' 10 The solution is to 'train the train ers' so that they are not just comfort able using ICT, but are also skilled in its application to teaching and learn ing, and putting material online. As the report states: 'while online learning may offer substantive pedagogy and delivery advantages to higher education, optimal delivery requires expertise in: program ming, materials development, detailed pedagogy, technical support, outside the core competencies of many academics and higher education institutions'. 10 This begs the question whether it is right to expect teaching staff to be 'jacks of all trades and masters of none'. Experience in compiling online courses at one dental school has shown that the time taken can impinge greatly on teachers' time and other academic and clinical activities. Perhaps the solution is to realise that the development of online courses requires a range of skills drawn from academia, web design and ICT. 10 
PROFESSIONAL LEARNERS
Students, not all of whom are 'techno literate', also have to adapt to the online world, although in 2002 one survey estimated that 90% of undergraduates, at the institution concerned, came from homes with computers and that this pre supposed that they had some familiarity with computing and ICT. 10 This may be an encouraging fi nding, as 'Many have claimed that in future an individual's ability to manage their own learning is also seen as a critical attribute for effective lifelong learning. It has also been claimed that ICT can make a distinctive and effective contri bution to the development and support of continuous learning.' 11 Both the University of Hertfordshire and King's College London studies showed that, from the teaching perspec tive at least, the outcome for students was positive. In the former, teachers rec ognised their VLE's potential for more interactive work and greater student independence and autonomy in learn ing. 9 In the latter, 80% of the academic staff who had taught online encountered no significant student resistance. 10 Computers and suitable ICT learning facilities are available to undergraduate students in their universities and halls of residence. Nevertheless, large num bers also own personal laptop comput ers. The situation for those participating in CPD, or part-time postgraduate stu dents, may be more difficult as for many dental courses they must have, or at least enjoy access to, relatively high specification computing equipment. The specifications for an MClinDent (Fixed It is also important that all students, whether at under-or postgraduate level or undertaking CPD, are familiar with ICT systems and services. As has recently been observed, 'students who are tech nologically illiterate tend to spend many hours trying to figure out how to use online technologies, communicate with instructors, submit online assignments, or download class-related material from the class website.' 13 Too much effort per forming these tasks detracts from the main objectives of learning and com pleting the course.
Can it be assumed that as dentistry is a 'scientific subject' needing skills in using technology, its practitioners will be more attuned to the use of ICT? The answer may be yes, as a study of mature students of the Open University showed, perhaps not too surprisingly, that the use of ICT systems and services was more prevalent in its science and technology courses than for its arts subjects.
14 How ever, it would be rash to claim that this finding will automatically be true for dentists and DCPs undertaking CPD or for postgraduate dental students.
There is no doubt that e-learners have to show greater discipline when studying outside the confines of a physical loca tion. In addition, it has been suggested that the virtual learning environment leads to a lonely life for students. How ever, the results of a recent study coun ter this suggestion. It involved the uses of bulletin boards and demonstrated that 'the majority of messages on the bulle tin board were posted for the purpose of establishing personal contact. For exam ple, finding a companion to study with was a particularly frequent topic among distance education students.' 15 Other common topics included sugges tions for information about the subject administration and structure, which some cases, the online mode was used for seeking help with online technol ogy including, for example, 'questions about downloading free software from the Internet for accessing online subject audio-visual data'. 15 Nevertheless, a study of MBA students suggested that there may be isolation, as it found that learners at a distance often lack the social student network of the on-campus student, which provides them with a comparative perspective of their progress with the course. Feelings of inadequacy about learning can result in poor results and poor retention. Dur ing the study's interviews, many stu dents re-iterated the importance of the group process to help them to continue to study, when the course became dif ficult, and in providing them with an on-going network of support. 16 The same study also suggested that 'Learning collaboratively through group interac tion was found to be achieved through the development of a group consensus of knowledge by communicating dif ferent perspectives, receiving feedback from other students and tutors, and discussing ideas until fi nal negotiation was reached'. 16 This paper has only considered devel opments in the UK and has not given any further consideration to the use of vide oconferencing, webcasting or CD-ROMs in the delivery of CPD and postgraduate dental education, as they have already been covered in previous papers in this series. [17] [18] [19] In conclusion it can be said that all stages of dental education will increas ingly be dependent on the use of ICT and that because, in general, qualifi ed dentists and DCPs live and work at loca tions distant to dental schools and other educational facilities, a signifi cant pro portion of their CPD and postgraduate courses will be delivered online. This trend will entail a change of approach to both teaching and learning.
